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(54) Internal combustion engine with exhaust gas recirculation 

(57) An engine is described that has a variable 
valve timing system. Under low and medium load oper- 
ation of the engine, the valve timing system sets an 
extended valve overlap period and fuel is injected pre- 
dominantly during this extended overlap period either 
into the intake ports or directly into the combustion 
chambers. The effect is that the fuel is heated by the 
internally recirculated exhaust gases which pre-condi- 
tions the fuel to improve ignitability and combustion 
quality. 
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Description 

Field of the invention 

[0001] The present invention relates to the fuelling 
of an internal combustion and is application to both 
gasoline and diesel engines. 

Background of the invention 

[0002J It has already been proposed to pre-condi- 
tion fuel before it is injected into the combustion cham- 
bers of an engine by heating the fuel. Hitherto, this has 
been achieved using heat present in external EGR 
(exhaust gas recirculation) gases by injecting the fuel 
into an EGR pipe leading from the exhaust system to 
the intake system. This could only be achieved by 
means of additional equipment such as a fuel injector 
and a reaction chamber in the exhaust recirculation sys- 
tem 

Object ot the invention 

[0003] The invention seeks to take make use of 
processes nat normally take place in conventional four 
stroke internal combustion engines to enhance fuel 
preparation and to produce more reactive radicals in the 
intake charge at the commencement of combustion in 
or^er to improve the ignitability of the fuel and air mix- 
ture 

8a r "* f ^a r / c* tn-j »nvention 

[0004] According to one aspect of the invention, 
t^«-'tr «s p'ovkjoo a four stroke internal combustion 
en^tne » r #f^*ch a' least during certain engine operating 
cc-vj;' or s ine irtake and exhaust valves are open 
s»m^.i r H ? OL.sty !0 enhance internal exhaust gas recircu- 
i<t! on Ly ijfcr y a substantial quantity of hot exhaust 
ga&crs bete* »'itu t'»t? intake ports, the engine having a 
♦u«ri mjtfction system wrth fuel injectors arranged in the 
intake peris a var able valve timing system operative, at 
"east tJunnq tre said engine operating conditions, to 
prolong the vn^vc overlap period when the intake and 
ex-ia<~ct va^ver. are simultaneously open, and means for 
controiiirg the timng of the fuel injectors to introduce 
suostant any an of the in ected fuel directly into the back 
flow of internal EGR gases during the extended valve 
overlap pprmrt the fuel being thermally conditioned by 
the hot internal EGR gases before being admitted into 
the combustion chamber during the subsequent intake 
stroke. 

[0005] In order to determine the optimum timing for 
port fuel injection, it has previously been attempted to 
vary the timing of fuel injection in relation to the operat- 
ing cycle of the engine. By such experimentation, it has 
been determined that when the fuel is injected into the 
intake ports with the intake valves closed, the fuel is 



deposited on the hot walls of the intake ports and is 
heated and preconditioned before being drawn into the 
engine. This resulted in more reliable ignition and more 
complete combustion. When fuel is injected into the 

5 intake ports with the intake valves open, on the other 
hand, it has been found that the resulting combustion is 
not satisfactory because of poor mixing and less reliable 
ignition. In this case, the fuel has little time to be heated 
and is entrained by the intake air and deposited on the 

io walls of the combustion chamber. 

[0006] While attempting all possible injection tim- 
ings, it is likely that it was attempted to inject fuel during 
the very brief valve overlap period. However, because 
this period is normally of much shorter duration than the 

15 fuel injection period, the advantageous effect achieved 
in the present invention has not previously been recog- 
nised. The important difference to note is that in the 
present invention special steps need to be taken to pro- 
long the valve overlap period in order to ensure that 

20 substantially all of the injected fuel can be timed to be 
introduced into the hot EGR gases during the valve 
overlap period. 

[0007] According to a second aspect of the inven- 
tion, there is provided a four stroke internal combustion 
25 engine in which, at least during certain engine operating 
conditions, the intake and exhaust valves are open 
simultaneously to enhance internal exhaust gas recircu- 
lation by forcing a substantial quantity of hot exhaust 
gases back into the intake ports, the engine having a 
30 fuel injection system with fuel injectors arranged in the 
combustion chambers, a variable valve timing system 
operative, at least during the said engine operating con- 
ditions, to prolong the valve overlap period when the 
intake and exhaust valves are simultaneously open, 
35 means for controlling the injection timing of the fuel 
injectors to introduce substantially all of the injected fuel 
directly into the residual gases in the combustion cham- 
bers during the extended valve overlap period, and 
means for creating a pressure drop from the exhaust 
40 ports towards the intake ports during the valve overlap 
period to ensure that the injected fuel does not pass out 
of the combustion chamber through the open exhaust 
valve, the fuel being thermally conditioned by the hot 
residual gases before the commencement of the subse- 
ts quent intake stroke. 

[0008] The second aspect of the invention differs 
from the first in that the fuel is injected directly into the 
combustion chambers rather than the intake ports. For 
this reason, it is necessary to take steps to control the 
so pressures in the intake and exhaust ports to ensure that 
the injected fuel remains in the combustion chamber 
and is not allowed to escape through the open exhaust 
valve before it has been burnt. 

[0009] In both its aspects, the invention sets out to 
55 achieve thermal conditioning of the injected fuel by 
ensuring that it is heated by the hot burnt gases from the 
previous operating cycle before commencement of the 
subsequent intake stroke, thereby improving the ign'rta- 
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bffity of tne fuel in the subsequent operating cycle. This 
can be used to achieve a more robust ignition during 
lean burn operation or to promote spontaneous ignition 
during low and medium load operation in order to 
reduce NOx emissions. 5 
[0010] The means for ensuring sufficient pressure 
drop from the exhaust ports towards the intake ports 
may be an intake throttle for restricting the intake air 
flow and reducing the pressure in the intake ports. Alter- 
natively the means may be an exhaust throttle for 10 
restricting the exhaust gas flow and increasing the pres- 
sure in the exhaust ports. As a further alternative, an 
intake throttle and an exhaust throttle may be used in 
combination. 

[0011] The invention is applicable to both gasoline 15 
and dicscl fuels and is advantageous in promoting ther- 
mal pre conditioning of the fuel by the hot residual 
gases retained m the cylinder thus improving the ignita- 
bility of :he fuel when it is burnt in the immediately fol- 
lowing engine cycle 20 
[0012] -or a sp;uk i^nrf.on engine, the lean burn 
capability rf the pn^n*> oi^ t>» significantly extended 
resulting »n lev**.*' fue- cc^^^t on and lower exhaust 
emissions 

[0013] jn>.f ct-r.i^ c^'j*ons, the fuel may be 25 
sufficiently preccrvj!;one-; tc undergo spontaneous 
ignition without rety^; c- a i-^^k when it is mixed with 
air and compressed ox,--'^ tr>e immediately following 
compression strcKe Trv* type of combustion, called 
active radical comDuston »ARC« by Honda, premixed 30 
charge compress on .or> t PCCI) by Toyota or homo- 
geneous charge compress on ignition (HCCI) by South- 
west Research instrute. is different from the 
conventional gasoline type spark ignition or diesel type 
compression ignrttor »n that tie whole cylinder charge 35 
ignites spontaneous y ana simultaneously, resulting in 
ultra-low NOx emissions 

Brief description of the drawings 

40 

[0014] The invention will now be described further, 
by way of example, with reference to the accompanying 
drawings, in which: 

Figure 1 is a schematic representation of an 45 
embodiment of tne firs: aspect of the invention, and 
Figure 2 is a similar view of an embodiment of the 
second aspect of the invention. 

Detailed description of the preferred embodiments so 

[0015] Figure 1 shows a cylinder of a four stroke 
internal combustion engine having a piston 12 and a 
combustion chamber 1 0. Air is introduced into the com- 
bustion chamber through an intake pipe 24 having a 55 
butterfly throttle 34 and fuel is added to the intake air by 
means of a fuel injector 30 positioned to spray fuel into 
the intake port. Gases are discharged from the combus- 



tion chamber 1 0 through an exhaust pipe 26. The intake 
and exhaust events are controlled by intake and 
exhaust valves 14 and 16 which are themselves acted 
upon by a variable valve timing system. The valve timing 
system may in its simplest form comprise separate 
camshafts for operating the intake and the exhaust 
valves and a phase shifting mechanism for advancing 
and retarding the two camshafts relative to one another 
and relative to the four stroke engine cycle. 
[0016] The embodiment of Figure 2 is essentially 
the same as Rgure 1 and to avoid unnecessary repeti- 
tion, like components have been designated by like ref- 
erence numerals. The essential differences are that in 
place of the port fuel injector 30 there is an in-cylinder 
fuel injector 32, and a second butterfly throttle 36 is pro- 
vided in the exhaust pipe in order to increase the 
exhaust back pressure. 

[0017] In operation, during low and medium opera- 
tion, the valve timing system of the engine is set to pro- 
long the valve overlap period, that is to say the period, 
where as shown in the drawings, the intake valve 1 4 and 
the exhaust valve 1 6 are open at the same time while 
the piston 1 2 is moving towards its top dead centre posi- 
tion. In the case of the embodiment of Figure 1 , the high 
pressure in the combustion chamber at the end of the 
previous cycle coupled with the low pressure in the 
intake port caused by the throttle 34 forces exhaust 
gases back into the intake port. In the invention, the fuel 
injector 30 is timed to open and inject fuel into the intake 
port at the time that the port is filled with the back flow of 
hot EGR gases which heat the fuel and precondition it. 
During the continuation of the intake stroke, these EGR 
gases are drawn back into the combustion chamber 
along with the fuel they contain, and fresh air is drawn in 
afterwards. Depending on the design of the intake sys- 
tem and the combustion chamber, the EGR gases con- 
taining the fuel can either be homogeneously mixed 
with the intake air charge, or kept separate if the charge 
is stratified. 

[0018] In the embodiment of Figure 2, the fuel is 
directly injected into the combustion chamber during the 
valve overlap period and there is a risk of some of the 
fuel escaping during the upstroke of the piston out of the 
open exhaust valve 16. To reduce or eliminate this ten- 
dency, it is possible to rely on the reduced pressure in 
the intake port that is caused by the throttle 34, but it is 
preferable additionally to increase the pressure in the 
exhaust port by partially closing the throttle 36 to 
increase the exhaust back pressure. 

Claims 

1. A four stroke internal combustion engine in which, 
at least during certain engine operating conditions, 
the intake and exhaust valves are open simultane- 
ously to enhance internal exhaust gas recirculation 
by forcing a substantial quantity of hot exhaust 
gases back into the intake ports, the engine having 
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a fuel injection system with fuel injectors (30) 
arranged in the intake ports (24), a variable valve 
timing system operative, at least during the said 
engine operating conditions, to prolong the valve 
overlap period when the intake (14) and exhaust 5 
(1 6) valves are simultaneously open, and means for 
controlling the timing of the fuel injectors to intro- 
duce substantially all of the injected fuel directly into 
the back flow of internal EGR gases during the 
extended valve overlap period, the fuel being ther- w 
mally conditioned by the hot internal EGR gases 
before being admitted into the combustion chamber 
during the subsequent intake stroke. 

2. A four stroke internal combustion engine in which, 15 
at least during certain engine operating conditions, 
the intake and exhaust valves are open simultane- 
ously to enhance internal exhaust gas recirculation 
by forcing a substantial quantity of hot exhaust 
gases back into the intake ports, the engine having 20 
a fuel injection system with fuel injectors (32) 
arranged in the combustion chambers, a variable 
valve timing system operative, at least during the 
said engine operating conditions, to prolong the 
valve overlap period when the intake (14) and 25 
exhaust (16) valves are simultaneously open, 
means for controlling the injection timing of the fuel 
injectors to introduce substantially all of the injected 
fuel directly into the residual gases in the combus- 
tion chambers during the extended valve overlap 30 
period, and means for creating a pressure drop 
from the exhaust ports towards the intake ports dur- 
ing the valve overlap period to ensure that the 
injected fuel does not pass out of the combustion 
chamber through the open exhaust valve, the fuel 35 
being thermally conditioned by the hot residual 
gases before the commencement of the subse- 
quent intake stroke. 

3. An internal combustion engine as claimed in claim 4C 
1 or claim 2, wherein an intake throttle (34) is pro- 
vided for restricting the intake air flow and reducing 
the pressure in the intake ports. 

4. An internal combustion as claimed in any preceding 41 
claim, wherein an exhaust throttle (36) is provided 
for restricting the exhaust gas flow and increasing 
the pressure in the exhaust ports. 

5. An internal combustion engine as claimed in any 5 
preceding claim, wherein the engine is a spark igni- 
tion engine. 

6. An internal combustion engine as claimed in any 
one of claims 1 to 4, wherein the engine is a com- 55 
pression ignition engine. 

7. An internal combustion engine as claimed in claim 
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6, wherein the fuel is sufficiently preconditioned^ 
undergo spontaneous ignition when mixed with air 
and compressed during the immediately following 
compression stroke. 
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(M) Internal combustion engine with exhaust gas recirculation 

<S7j An engine is described that has a variable 
vnv»* r.m.ng system Under low and medium load oper- 
a* on o' tne engine, the valve timing system sets an 
enter ciej vatve ovenap period and fuel is injected pre- 
ocmrw tfy during this extended overlap period either 
into t»v tntake ports or directly into the combustion 
crarroe-s The eMect is that the fuel is heated by the 
internal!/ recirculated exhaust gases which pre-condi- 
ticns ?r«e fuel to improve ignitability and combustion 
qualify 



CO 
< 

CO 
CO 
00 

00 

o 



Q- 
LLi 



Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



WSDCCID <EP 1048833A3J > 



EP 1 048 833 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 08 30 2311 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
ol relevant passages 



PATENT ABSTRACTS OF JAPAN 
vol. 1998. no. 09, 
31 July 1998 (1998-07-31) 
& JP 10 103094 A (ISUZU CERAMICS 
KENKYUSH0:KK) , 21 April 1998 (1998-04-21) 
* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 016, no. 321 (M-1279), 
14 July 1992 (1992-07-14) 
& JP 04 091358 A (DAIHATSU MOTOR CO LTD), 
24 March 1992 (1992-03-24) 
abstract * 

GB 2 313 623 A (FORD MOTOR CO) 
Decenber 1997 (1997-12-03) 
the whole document * 

FR 2 703 107 A (ARLAUD ROGER) 
30 September 1994 (1994-09-30) 
page 5, last paragraph * 

EP 0 594 462 A (RICARDO CONSULTING ENG) 
27 April 1994 (1994-04-27) 
column 8, line 11 - line 45 * 



2-5 



The present search report has been drawn up for all claims 



Relevant 
to claim 



-7 



CLASSIFICATION OF THE 
APPLICATION (toLCL7) 



F02B47/08 



1,6,7 



TECHNICAL FIELDS 

(hrt.CI.7) 



F02B 
F02D 



Place ct search 

THE HAGUE 


Dale ol eomjJetion of the search 

23 March 2001 


Alconchel y Ungria.J 


CATEGORY OF CITED DOCUMENTS 

X : particularly relevant il taken atone 

Y : particularly relevant "rf combined with ano 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 


T : theory or principle underlying the invention 
E : earlier patent document but published on. or 
after the fling date 
ther O : document died in the application 
L : document cited for other reasons 

& : "member of the same patentlamily, {Responding 
document 



2 



1048833A3 l_> 



7 



EP 1 048 833 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 30 2311 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EOP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

23-03-2001 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


JP 1Q1G3694 


A 


21-04-1998 


NONE 


JP 04091358 


A 


24-03-1992 


NONE 


GB 2313623 


A 


03-12-1997 


NONE 


FR 2703107 


A 


30-09-1994 


NONE 



EP 0594462 



27-04-1994 



DE 
DE 
EP 
JP 
JP 
US 



69310082 D 
69310082 T 
0594463 A 
6200836 A 
6213080 A 
5379743 A 



28-05-1997 
31-07-1997 
27-04-1994 
19-07-1994 
02-08-1994 
10-01-1995 



2 



tu For more details about this annex : see Official Journal of the European Patent Office. No. 1 2/82 



WSDOCID: <EP_ 



_1048B33A3J_> 



